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1. SCOPE

1.1 This specification covers the requirenents for filled
buried wires intended for direct burial as a subscriber drop
and/or distribution wire.

1.1.1 The conductors are solid copper, individually insul ated
with an extruded solid insulating conpound.

1.1.2 The insul ated conductors are twisted into pairs (a star-
quad configuration is permtted for the two pair wires) which are
then stranded or oscillated to forma cylindrical core.

1.1.3 A noisture resistant filling conmpound is applied to the
stranded conductors conpletely covering the insul ated conductors
and filling the interstices between the pairs.

1.1.4 The wire structure is conpleted by the application of an
optional core wapping material, an inner jacket, a flooding
conpound, a shield, a flooding conpound and an overall plastic
j acket .

1.2 The nunber of pairs and gauge size of conductors which are
used within the REA programare provided in the follow ng tabl e:

AVG 22 24
Pairs 2 2
3 3
1.3 All wires sold to REA borrowers for projects involving

REA | oan funds under this specification nust be accepted by
REA Techni cal Standards Committee "A" (Tel ephone). For wres
manufactured to this specification, all design changes to an
accepted design nust be submtted for acceptance. REA w |
be the sole authority on what constitutes a design change.

1.4 Materials, manufacturing techniques or wire designs not
specifically addressed by this specification may be all owed

if accepted by REA. Justification for acceptance of nodified
materials, manufacturing techniques or wire designs nust be
provided to substantiate product utility and long termstability
and endur ance.

2. CONDUCTORS AND CONDUCTOR INSULATION

2.1 Each conductor nust be a solid round wire of commercially
pure anneal ed copper. Conductors nust neet the requirenents
of ASTM B 3-90 except that requirenents for D nensions and
Perm ssible Variations are wai ved and el ongation requirenents
are superseded by this specification.

2.2 The m nimum conductor elongation in the final wire nust
conply with the followng limts when tested in accordance with
ASTM E 8-91.
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Conductor - AWG M ni nrum El ongati on - Percent
22 20
24 16

2.3 Joints made in conductors during the manufacturing process
may be brazed, using a silver alloy solder and nonacid flux, or
they may be wel ded using either an electrical or cold wel ding
technique. 1In joints made in uninsul ated conductors, the two
conductor ends nust be butted. Splices nade in insulated
conductors need not be butted but may be joined in a manner
accept abl e to REA

2.4 The tensile strength of any section of a conductor
containing a factory joint nust not be |less than 85 percent
of the tensile strength of an adjacent section of the solid
conductor of equal |length w thout a joint.

Engi neering Information: The sizes of wire used
and their nom nal dianeters shall be as shown in
the follow ng table:

AWG Nomi nal Dianeter - mm (in.)
22 0. 643 (0.0253)
24 0.511 (0.0201)

2.5 Each conductor nust be insulated with either a col ored,
solid, insulating grade, high density polyethylene or crystalline
propyl ene/ et hyl ene copolyner or with a solid natural primry

| ayer and a colored, solid outer skin using one of the insulating
materials listed in Paragraphs 2.5.1 through 2.5.2 of this

speci fication.

2.5.1 The polyethylene raw material selected to neet the
requi renents of this specification nmust be Type |11

Class A, Category 4 or 5, Gade E9 in accordance with
ASTM D 1248-84(1989).

2.5.2 The crystalline propyl ene/ethylene raw materi al sel ected
to meet the requirenents of this specification nust be
Cl ass PP 200B 40003 E11 in accordance with ASTM D 4101-82(1988).

2.5.3 Raw materials intended as conductor insulation furnished
to these requirenents nust be free fromdirt, netallic particles
and other foreign matter.

2.5.4 Al insulating raw materials nmust be accepted by REA prior
to their use.

2.6 Al conductors in any single |length of wire nust be
insulated with the sane type of material.
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2.7 A permssible overall performance |evel of faults in
conductor insulation nust average not greater than one fault per
12, 000 conductor neters (40,000 conductor ft) for each gauge of
conduct or.

2.7.1 Al insulated conductors nust be continuously tested for
insulation faults during the tw nning operation with the nmethod
of test acceptable to REA. The |length count and nunber of faults
must be recorded. The information nust be retained for a period
of 6 nonths and be avail able for review by REA when request ed.

2.7.2 The voltages for determ ning conpliance with the
requi renents of Paragraph 2.7, are as foll ows:

AVG DC Vol t ages (kV)
22 6.0
24 50

2.8 Repairs to the conductor insulation during manufacturing are
perm ssible. The nethod of repair nmust be accepted by REA prior
to its use. The repaired insulation nust be capable of neeting
the relevant electrical requirenments of this specification.

2.9 Al repaired sections of insulation nust be retested in the
sanme manner as originally tested for conpliance with the
requi renents of Paragraph 2.7 of this specification.

2.10 Colored insulating material renoved fromor tested on the
conductor, froma finished wire, nmust be capable of neeting the
foll ow ng performance requirenents.

Crystalline
Propyl ene/ Et hyl ene

Property Pol yet hyl ene
Copol yner

Melt Flow Rate
Percent increase
fromraw material,
Maxi mum
<0.5 (Initial 50 --
Mel t | ndex)
0.5-2.00 (Initial 25 --
Mel t | ndex)
<5.0 (Initial Melt -- 110
I ndex)
Tensil e Strength
M ni mum MPa (psi) 16.5 (2, 400) 21.0
(3, 000)

U timte Elongation
M ni mum Percent 300 300

Col d Bend
Fai | ures, Maxi num 0/ 10 0/ 10
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Shri nkback
Maxi mum mm (in.) 10 (0. 375) 10
(0.375)

Oxygen | nduction Tine
M ni mum M nutes 20 20

2.11 Testing Procedures: The procedures for testing the
i nsul ation sanples tor conpliance with Paragraph 2.10 of this
specification nust be as foll ows.

2.11.1 Melt Flow Rate: The nelt flow rate nust be determ ned
as described 1n ASTM D 1238-90b. Condition E nust be used for
pol yet hyl ene. Condition L shall be used for crystalline
propyl ene/ et hyl ene copol yner. The nmelt flow test nust be
conducted prior to the filling operation.

2.11.2 Tensile Strength and Ultimate Elongation: Sanpl es of
the insulation material, renoved fromthe conductor, nust be
tested in accordance with ASTM D 4565-90a using the foll ow ng

conditions. The mninmum | ength of unclanped speci nen nust be
50 M (2.0 in.). The mninmmspeed of jaw separation nust be
25 Mm (1.0 in.) per mnute per 25 nm (1.0 in.) of uncl anped
speci nen. The tenperature of specinens and surroundi ng nust be
23 + 1°C.

Note: Quality assurance testing at a jaw separation
speed of 500 mMmiImn (20 in./mn) is permssible.
Failures at this rate nust be retested at the 50 mMi mn
(2 in./mn) rate to determ ne specification conpliance.

2.11.3 Cold Bend: Sanples of the insulation material on the
conductor nust be tested in accordance with ASTM D 4565-90a at
a tenperature of -40 + 1°C with a mandrel dianeter equal to

3 tines the outside dianeter of the insul ated conductor. There
must be no cracks visible to nornal or corrected-to-norm

Vi si on.

2.11.4 Shrinkback: Sanples of insulation nust be tested for
four hours 1 n accordance with ASTM D 4565-90a. The tenperature
for the type of material is as foll ows:

MVat eri al Tenperat ure
Pol yet hyl ene 115 + 1°C
Crystalline

Propyl ene/ Et hyl ene 130 + 1°C
Copol yner

2.11.5 Oxygen Induction Time: Sanples of insulation, which

have been conditioned I n accordance with Paragraph 17.3 of

ASTM D 4565-90a, nust be tested in accordance with the procedures
of ASTM D 4565-90a usi ng copper pans and a test tenperature of
199 + 1°C.
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2.12 Oher nmethods of testing may be used if acceptable to REA

3. IDENTIFICATION OF PAIRS AND TWISTING OF PAIRS

3.1 The insulation nmust be colored to identify:
a. The tip and ring conductor of each pair, and
b. Each pair in the conpleted wre.

3.2 The colors to be used to provide identification of the tip
and ring conductor of each pair are shown in the follow ng table:

Pair Col or

No. Tip Ri ng

1 White Bl ue

2 Wi te Orange
3 White G een

3.3 Standards of Color: The colors of the insulated conductors
supplied 1n accordance with this specification are specified in
terms of the Munsell Color System (ASTM D 1535-89) and nust
conply with the "Table of Wre and Cable Limt Chips" as defined
in ANSI/ El A-359-A-84. (Visual color standards neeting these
requi renents may be obtained directly fromthe Minsell Col or
Conpany, Inc., 2441 North Calvert Street, Baltinore, Mryl and
21218).

3.4 Positive identification of the tip and ring conductors of
each pair by marking each conductor of a pair with the col or of
its mate is permssible. The nmethod of marking nmust be accepted
by REA prior to its use.

3.5 Oher nethods of providing positive identification of the
tip and ring conductors of each pair may be enployed if accepted
by REA prior to its use.

3.6 The insulated conductors nust be twi sted into pairs.

3.7 In order to provide sufficiently high crosstal k isol ation,
the pair twi sts nmust be designed to enable the wire to neet the
capaci tance unbal ance and the crosstal k | oss requirenents of
Paragraphs 13.2, 13.3, and 13.4 of this specification.

3.8 The average length of pair twsts in any pair in the
finished wire, when neasured on any 3 m (10 ft) length, nust not
exceed 152 mm (6 in.).

3.9 An alternative nmethod of formng the two-pair wire is the
use of a star-quad configuration.
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3.9.1 The assenbly of the star-quad nust be such as to enable
the wire to neet the capacitance unbal ance and the crosstal k

| oss requirenents of Paragraphs 13.2, 13.3, and 13.4 of this
speci fication.

3.9.2 The four individual insulated conductors nust be tw sted
together to forma star-quad configuration with the tip and ring
conductors of each pair diagonally opposite each other in the
quad.

3.9.3 The average length of twist for the star-quad in the
finished wire, when neasured on any 3 m (10 ft) length, nust
not exceed 152 mm (6 in.).

3.9.4 The follow ng color schene nust be used to provide
identification of the tip and ring conductor of each pair
in the star-quad:

Col or
Pai r No. Tip R ng
1 VWite with blue stripe Bl ue
2 VWiite with orange stripe Orange

3.9.5 |If desired, the blue and orange conductors nmay contain a
white stripe. The stripes in this case nust be narrow enough so
that the tip and ring identification is obvious.

4. FORMING OF THE WIRE CORE

4.1 Twi sted pairs or star-quad configuration nmust be assenbl ed
in such a way as to forma substantially cylindrical group.

4.2 The filling conpound nust be applied to the wire core in
such a way as to provide a conpletely filled core as is
commercially practi cal

4.3 |If desired for manufacturing reasons, white or colored
bi nders of nonhygroscopi ¢c and nonw cking material may be applied
over the core.

5. FILLING COMPOUND

5.1 After or during the stranding operation and prior to
application of the optional core wap and inner jacket, a
honmogeneous filling conpound free of aggl onerates nust be
applied to the wire core. The conpound nust be as nearly
colorless as is commercially feasible and consistent with
the end product requirenents and pair identification.

5.2 The filling conpound nust be free fromdirt, netallic
particles and other foreign matter. It nust be applied in
such a way as to fill the space within the wire core.



Bulletin 1753F-206(PE-86)

Page 13
5.3 The filling conpound nust be nontoxic and present no derma
hazar ds.
5.4 The filling conpound nust exhibit the follow ng dielectric

properties at a tenperature of 23 + 3°C when neasured in
accordance with ASTM D 150-87 or ASTM D 4872- 88.

5.4.1 The dissipation factor nust not exceed 0.0015 at a
frequency of 1 Miz.

5.4.2 The dielectric constant nust not exceed 2. 30.

5.5 The volune resistivity nmust not be | ess than 1012 ohm cm
at a tenperature of 23 + 3°C when neasured in accordance with
ASTM D 257-91 or ASTM D 4872- 88.

5.6 The individual wre manufacturer nust satisfy REA that the
filling conmpound selected for use is suitable for its intended
application. The filling conpound nust be conpatible with the
w re conmponents when tested in accordance with ASTM D 4568- 86 at
a tenperature of 80°C

6. CORE WRAP (OPTIONAL)

6.1 When a core wap tape is used, it nmust consist of a layer of
nonhygroscopi ¢ and nonw cking dielectric material. The wap nust
be applied with an overl ap.

6.2 The core wap nust provide a sufficient heat barrier to
prevent visible evidence of conductor insulation deformation or
adhesi on between conductors, caused by adverse heat transfer
during the inner jacketing operation.

6.3 If required for manufacturing reasons, white or colored
bi nders of nonhygroscopi ¢c and nonw cking material may be applied
over the core wrap.

6.4 Sufficient filling conmpound nmust be applied to the core wap
that voids or air spaces existing between the core and inner side
of the core wap are m nim zed.

7. INNER JACKET

7.1 An inner jacket must be applied over the core and/or core
wr ap.

7.2 The jacket nust be free fromholes, splits, blisters, or
ot her inperfections and nust be as snoboth and concentric as is
consistent with the best commercial practice.

7.3 The inner jacket material and test requirenents nust be
as specified for the outer jacket material per Paragraphs 10.3
t hrough 10.5.4 of this specification.

7.4 The inner jacket thickness at any point nmust not be |ess
than 0.5 mm (0.020 in.). The thickness nust be determ ned
from nmeasurenments on 50 mm (2 in.) sanples taken not |ess than
0.3 m(1 ft) fromeither end of the wire. The average nust be
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determ ned from4 readi ngs taken approximately 90° apart on any
cross section of the sanples. The maxi mum and m ni num poi nts
must be determ ned by exploratory neasurenents. The maxi mum

t hi ckness m nus the m nimumthickness at any cross section nust
not exceed 43 percent of the average thickness at that cross
section.

8. FLOODING COMPOUND

8.1 Sufficient flooding conpound nust be applied on all sheath
interfaces so that voids and air spaces in these areas are
m nim zed.

8.2 The flooding conpound nust be conpatible with the jacket
when tested in accordance with ASTM D 4568-86 at a tenperature of
80°C. The floodant must exhibit adhesive properties sufficient
to prevent jacket slip when tested in accordance with the

requi renents of Appendi x A, Paragraph 3.5, of this specification.

8.3 The individual wre manufacturer nust satisfy REA that the
fl oodi ng conpound sel ected for use is acceptable for the
appl i cation.

9. SHIELD

9.1 A shield nust be applied either longitudinally or helically
over the inner jacket.

9.1.1 |If the shield is applied longitudinally, it nust be
corrugat ed.

9.1.2 |If the shield is applied helically, it nust be snooth.

9.2 The overlap for longitudinally applied shields nust be a
mnimumof 2 nm (0.075 in.) The overlap for helically applied
shields nmust be a m nimum of 23 percent of the tape w dth.

9.3 Ceneral requirenents for application of the shielding
material are as follows:

9.3.1 Successive lengths of shielding tapes may be joined during
t he manufacturing process by neans of cold weld, electric weld,
soldering with a nonacid flux or other acceptable neans.

9.3.2 Were two ends of a netal shield are to be joined
together, care shall be taken to clean the netal surfaces in
order to provide for a good nechanical and el ectrical connection.

9.3.3 The shields of each length of wire nmust be tested for
continuity. A one neter (3 ft) section of shield containing a
factory joint nust exhibit not nore than 110 percent of the
resi stance of a shield of equal length wthout a joint.
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9.3.4 The breaking strength of any section of a shield tape
containing a factory joint nust not be |less than 80 percent of
the breaking strength of an adjacent section of the shield of
equal length without a joint.

9.3.5 The reduction in thickness of the shielding material due
to the corrugating or application process nust be kept to a
m ni mum and nmust not exceed 10 percent at any spot.

9.3.6 The shielding material nust be applied in such a manner
as to enable the wire to pass the bend test as specified in
Par agraph 14.3 of this specification.

9.4 The following materials are acceptable for use as wre
shi el di ng.

Standard Wre Gopher Resistant Wre
Copper All oy 220 (Bronze) Copper-Cl ad Stainless Stee
0.1016 + 0.0076 mm 0.1270 + 0.0127 mm
(0.0040 + 0.0003 in. (0.0050 + 0.0005 in.)
Copper Alloy 220 (Bronze) Copper All oy 664

0.1270 + 0.0127 mm 0.1397 + 0.0127 mm
(0.0050 + 0.0005 in.) (0.0055 + 0.0005 in.)

Copper-Clad Al loy Steel
0.1270 + 0.0127 mm
(0.0050 + 0.0005 in.)

9.4.1 The copper-clad steels and copper alloy 664 shiel ding
t apes nmust be capable of neeting the foll ow ng perfornmance
requi renents prior to application to the wre:

Property Requi r enment

Tensile Strength
M ni mum MPa (psi) 379 (55, 000)

Tensile Yield
M ni mum MPa (psi) 241 (35, 000)

El ongati on
M ninum percent in 15
50 M (2 in.)

9.4.2 Copper Alloy 220: The shielding material, prior to
application to the wre, nust be in the fully anneal ed condition
and nmust conformto the requirenments of ASTM B 694-86 for C22000
commer ci al bronze.

9.4.3 Copper-Clad Stainless Steel: In addition to neeting the
requi renents of Paragraph 9.4.1 of this specification, the
shielding material, prior to application to the wire, nust be in
the fully anneal ed condition and nust conformto the requirenments
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of ASTM B 694-86, with a cladding ratio of 16/68/ 16 and nust have
a mnimmelectrical conductivity of 28 percent | ACS when
measured in accordance with ASTM B 193-87

9.4.4 Copper Alloy 664: |In addition to neeting the requirenents
of Paragraph 9.4.1 of this specification, the shielding material,
prior to application to the wre, nust be anneal ed tenper and
must conformto the requirenents of ASTM B 694-86 and nust have a
m ni mum el ectrical conductivity of 28 percent | ACS when neasured
in accordance with ASTM B 193-87

9.4.5 Copper-Clad Alloy Steel: In addition to neeting the

requi renents of Paragraph 9.4.1 of this specification, the
shielding material, prior to application to the wire, nust be
inthe fully anneal ed condition and the copper conponent mnust
conformto the requirenments of ASTM B 224-91 and the all oy stee
conponent nust conformto the requirenents of ASTM A 505-87, with
a cladding ratio of 16/68/16, and nust have a m nimum el ectri cal
conductivity of 28 percent | ACS when neasured in accordance with
ASTM B 193-87.

10. OUTER JACKET

10.1 The outer jacket nust provide the wire with a tough,

fl exi ble, protective covering which can wthstand exposure to
sunlight, to atnospheric tenperatures and stresses reasonably
expected in normal installation and service.

10.2 The jacket must be free fromholes, splits, blisters, or
ot her inperfections and nust be as snoboth and concentric as is
consistent with the best commercial practice.

10.3 The raw material used for the outer jacket nust be one of
the five types listed in Paragraphs 10.3.1 through 10.3.5 of this
specification. The raw material nust contain an antioxidant to
provide long termstabilization and the materials nust contain a
2.60 + 0.25 percent concentration of furnace black to provide
ultraviolet shielding. Both the antioxidant and furnace bl ack
nmust be conpounded into the material by the raw materi al

supplier

10.3.1 Low density, high nolecul ar wei ght polyethyl ene (LDHWN
must conformto the requirenents of ASTM D 1248-84(1989), Type |
Class C, Category 4 or 5, Gade JS.

10.3.2 Low density, high nolecul ar wei ght ethyl ene copol yner
(LDHMAN nust conformto the requirenments of ASTM D 1248-84
(1989), Type I, Cass C, Category 4 or 5 Gade J3.

10.3.3 Linear |low density, high nolecul ar wei ght polyethyl ene
(LLDHWN nust conformto the requirenents of ASTM D 1248-84
(1989), Type I, Cass C, Category 4 or 5 Gade J3.
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10.3.4 High density polyethylene (HD) nmust conformto the
requi renents of ASTM D 1248-84(1989), Type Ill, Cass C
Category 4 or 5, G ade J4.

10.3.5 Medium density pol yethylene (MD) nmust conformto
the requirenents of ASTM D 1248-84(1989), Type Il, Oass C
Category 4 or 5, G ade J4.

10.3.6 Particle size of the carbon selected for use nust not
average greater than 20 nanoneters.

10.3.7 Absorption coefficient nmust be a m ninmumof 400 in
accordance with the procedures of ASTM D 3349-86

10.4 The outer jacketing material renoved fromor tested on
the wire nmust be capable of neeting the follow ng perfornance
requi renents:

LLDHMY
Et hyl ene L DHMV HD or MD
Property Copol yner Pol yet hyl ene Pol yet hyl ene
Melt Flow Rate
Percent increase
fromraw materi al
Maxi mum 50 50
<0.41 (Initial
Mel t | ndex) 100
0.41 - 2.00
(Initial Melt
| ndex) 50
Tensile Strength
M ni mum MPa (psi) 12.0 (1, 700) 12.0 (1, 700) 16.5 (2, 400)
Utimte El ongation
Percent, M ni num 400 400 300
Shri nkback
Percent of Length,
Maxi mum 5 5 5
| mpact
Fai | ures, Maxi mum 2/ 10 2/ 10 2/ 10

10.5 Testing Procedures: The procedures for testing the jacket
sanples tor conpliance wth Paragraph 10.4 of this specification
must be as foll ows.

10.5.1 Melt Flow Rate: The nelt flow rate nust be as determ ned
by ASTM D 1238-90b, Condition E. Jacketing material nust be free
fromflooding and filling conpound.
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10.5.2 Tensile Strength and Ultimate Elongation: Test in
accordance wth ASTM D 4565-90a, using a Jaw separation speed
of 500 M mn (20 in./mn) for low density material and

50 mimn (2 in./mn) for high and nmedi um density materi al s.

10.5.3 Shrinkback: Test in accordance with the procedures
specified in ASTM D 4565-90a using a test tenperature of
100 + 1°C for low density material and a test tenperature
of 115 + 1°C for high and nedium density material s.

10.5.4 Impact: The test nmust be performed in accordance with
ASTM D 4565-90a using an inpact force of 4 Nm (3 Ibf-ft) at a
tenperature of -20 + 2°C. The cylinder nust strike the sanple at
the shield overlap. A crack or split in the jacket constitutes
failure.

10.6 Jacket Thickness: The m ni num jacket thickness nust be
0.64 mm (0.025 1 n.) except that the m nimumthi ckness over the
sheath slitting cord, if present, nust be 0.46 nm (0.018 in.).
The m ni mum poi nt nmust be determ ned by expl oratory neasure-
ments. The average thickness at any cross section nust be
determ ned from four readings including the m ninmm point, taken
approxi mately 90° apart. The thickness neasurenent nust excl ude
any jacket material that has forned into the corrugation. The
maxi mum t hi ckness at any cross section nust not be greater than
155 percent of the m ninmumthickness.

10.7 Eccentricity: The eccentricity of the jacket nust not
exceed 43 percent when cal cul ated using the fornula as foll ows:

Max. Thi ckness - M n. Thickness x 100 Percent
Aver age Thi ckness

11. SHEATH SLITTING CORD (OPTIONAL)

11.1 Sheath slitting cords may be used in the wire structure at
the option of the manufacturer.

11.2 Wen a sheath slitting cord is used it nmust be non-
hygroscopi ¢ and nonw cki ng, continuous throughout a |ength

of wire, and of sufficient strength to open the sheath w t hout
breaki ng the cord.

11.3 Sheath slittings cords nust be capable of consistently
slitting the jacket(s) and/or shield for a continuous |ength
of 0.6 m(2 ft) when tested in accordance with the procedure
specified in Appendix B of this specification.

12. IDENTIFICATION MARKER AND LENGTH MARKER

12.1 Each length of wire nust be permanently identified as to
manuf acturer and year of manufacture.
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12.2 The nunber of conductor pairs and their gauge size nust be
mar ked on the jacket.

12.3 The marking nmust be printed on the jacket at regul ar
intervals of not nore than 1.5 m (5 ft).

12.4 An alternative nethod of marking nmay be used if accepted by
REA prior to its use.

12.5 The conpleted wre nust have sequentially nunbered | ength
markers in FEET OR METERS at regular intervals of not nore than
1.5 m(5 ft) along the outside of the jacket.

12.6 The nmethod of |ength marking nust be such that for any
single length of wire, continuous sequential nunbering nust be
enpl oyed.

12.7 The nunbers nust be di nensi oned and spaced to produce good
legibility and nmust be approximately 3 mm (0.125 in.) in height.
An occasional illegible marking is permssible if there is a

| egi bl e marking | ocated not nore than 1.5 m (5 ft) fromit.

12.8 The nmethod of marking nmust be by means of suitable surface
mar ki ngs produci ng a clear distinguishable contrasting marking
acceptable to REA. Wiere direct or transverse printing is

enpl oyed, the characters should be indented to produce greater
durability of marking. Any other nethod of |ength marking nust
be acceptable to REA as producing a marker suitable for the
field. Size, shape and spacing of nunbers, durability and
overall legibility of the marker wll be considered in acceptance
of the nethod.

12.9 The accuracy of the |ength marking nmust be such that the
actual length of any wire section is never less than the length
i ndi cated by the marking and never nore than one percent greater
than the length indicated by the marking.

12.10 The color of the initial marking nust be white or silver.
If the initial marking fails to nmeet the requirenents of the
precedi ng paragraphs, it will be permssible to either renove

the defective marking and re-marking with the white or silver
color or |leave the defective marking on the wire and re-mark

with yellow. No further re-marking is permtted. Any re-marking
must be on a different portion of the wire circunference than

any existing marking when possi bl e and have a nunbering sequence
differing fromany other existing marking by at |east 5, 000.

12.11 Any reel of wire which contains nore than one set of
sequential markings nust be labeled to indicate the color and
sequence of marking to be used. The |abeling nust be applied
to the reel and also to the wire.



Bulletin 1753F-206(PE-86)
Page 20

13. ELECTRICAL REQUIREMENTS

13.1. Mutual Capacitance And Conductance:

13.1.1 The average nutual capacitance (corrected for |ength)
of all pairs in any reel must not exceed 52 + 4 nF/km (83 +
7 nF/mle) when tested in accordance with ASTM D 4566-90 at
a frequency of 1.0 + 0.1 kHz and a tenperature of 23 + 3°C.

13.1.2 The nutual conductance (corrected for |ength and gauge)
of any pair nust not exceed 2 m cronmhos/km (3.3 mcromhos/ mile)
when tested in accordance with ASTM D 4566-90 at a frequency of
1.0 + 0.1 kHz and a tenperature of 23 + 3°C.

13.2 Pair-to-Pair Capacitance Unbalance: The capacitance

unbal ance between any pair of the conpleted wire nust not

exceed 145 pF/ km (80 pF/ 1000 ft) when tested in accordance with
ASTM D 4566-90 at a frequency of 1.0 + 0.1 kHz and a tenperature
of 23 + 3°C.

13.3 Pair-to-Ground Capacitance Unbalance:

13.3.1 Pair-to-Ground: The capacitance unbal ance as neasured on
the individual palirs of the conpleted wire nust not exceed

2625 pF/ km (800 pF/ 1000 ft) when tested in accordance with

ASTM D 4566-90 at a frequency of 1.0 + 0.1 kHz and a tenperature
of 23 + 3°C.

13.3.2 Wen neasuring pair-to-ground capacitance unbal ance al
pairs except the pair under test are grounded to the shield.

13.3.3 Pair-to-ground capacitance unbal ance may vary directly
with the length of the wre.

13.4 Far-End Crosstalk Loss: The output-to-output far-end
crosstalk [ oss between any pair conbination of a conpleted wire
when neasured in accordance with ASTM D 4566-90 at a test
frequency of 150 kHz nust not be |less than 58 dB/ km (63 dB/ 1000
ft). |If the loss Ky at a frequency Fg for length Lg i s known,
then Ky can be determned for any other frequency Fyx or |ength
Ly by:

Fx Lx
FEXT loss (Ky) = Kg -20 logqg -- -10 logqp --
Fo Lo

13.5 Attenuation: The attenuation of any individual pair on any
reel of wre nust not exceed the following limts when neasured
at or corrected to a tenperature of 20 + 1°C and a test frequency
of 150 kHz. The test nust be conducted in accordance with

ASTM D 4566- 90.
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| ndi vi dual Pair Attenuation
dB/ km (dB/ m | e)

Conduct or
AWG Maxi num M ni num
22 6.8 (11.0) 5.0 (8.1)
24 8.7 (14.0) 6.6 (10.7)

13.6 Insulation Resistance: Each insul ated conductor in each

| ength of conpleted wre, when neasured with all other insulated
conductors and the shield grounded, nust have an insul ation

resi stance of not |ess than 1600 megohm kil onmeter (1000 Megohm
mle) at 20 + 1°C. The nmeasurenent nust be nmade in accordance
with the procedures of ASTM D 4566- 90.

13.7 High Voltage Test:

13.7.1 In each length of conpleted wire, the insulation between
conductors when tested in accordance with ASTM D 4566- 90 nust

w thstand for 3 seconds a dc potential whose value is not |ess

t han:

a. 5.0 kV for 22-gauge conductors, and
b. 4.0 kV for 24-gauge conductors.

13.7.2 In each length of conpleted wire, the dielectric strength
bet ween the shield and all conductors in the core nust be tested
in accordance with ASTM D 4566-90 and nust wi thstand, for

3 seconds, a dc potential whose value is not |less than 20 kV.

13.8 Conductor Resistance: The dc resistance of any conductor
must be neasured 1n the conpleted wire in accordance with ASTM D
4566- 90 and nust not exceed the follow ng val ues when neasured at
or corrected to a tenperature of 20 + 1°C

Maxi nrum Resi st ance

AWG ohns/ kil oneter (ohns/1000 ft)
22 57.1 (17. 4)
24 90. 2 (27.5)

13.9 Resistance Unbalance:

13.9.1 The difference in dc resistance between the two
conductors of any pair in the conpleted wire nust not exceed
5.0 percent when neasured in accordance with the procedures of
ASTM D 4566- 90.

13.9.2 The resistance unbal ance between tip and ring conductors
shall be randomw th respect to the direction of unbal ance.

That is, the resistance of the tip conductors shall not be
consistently higher with respect to the ring conductors and

Vi ce versa
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14. MECHANICAL REQUIREMENTS

14.1 Defective Wire: Pairs in each length of wire will not be
permtted to have elther a ground, cross, short or open circuit
condi tion.

14_.2 Wire Breaking Strength: The breaking strength of the
conpleted wre nust not be less than 890 N (200 | bf) when tested
i n accordance with ASTM D 4565-90a using a jaw separation speed
of 25 mimn (1.0 in./mn).

14.3 Wire Bending Test: The conpleted wire nust be capabl e of
nmeeting the requirenents of ASTM D 4565-90a after conditioning at
-20 + 2°C and at 23 = 2°C

14_.4 Water Penetration Test:

14.4.1 A one neter (3 ft) length of conpleted wire nust be
stabilized at 23 + 2°C and tested in accordance with

ASTM D 4565-90a using a one neter (3 ft) water head over the
sanpl e or placed under the equival ent continuous pressure for
one hour.

14.4.2 After the one hour period, there nmust be no water |eakage
in the sheath interfaces, under the core wap or between any
i nsul at ed conductors in the core.

14.4.3 1If water | eakage is detected in the first sanple, one

3 m(10 ft) additional adjacent sanple fromthe sane reel of
wire shall be tested in accordance with Paragraph 14.4.2 of this
specification. |If the second sanple exhibits water |eakage, the
entire reel of wwre is to be rejected. |If the second sanple
exhibits no | eakage, the entire reel of wire is considered
accept abl e.

14.5 Compound Flow Test: The conpleted wire nmust be capabl e of
meeting the conpound tlow test specified in ASTM D 4565-90a when
exposed for a period of 24 hours at a tenperature of 80 + 1°C.

At the end of this test period, there nust be no evidence of
flow ng or dripping of compound fromeither the core or sheath

i nterfaces.

15. ACCEPTANCE TESTING AND EXTENT OF TESTING

15.1 The tests described in Appendix A of this specification are
i ntended for acceptance of wire designs and major nodifications
of accepted designs. REA decides what constitutes a nmjor

nmodi fication. These tests are intended to show the inherent
capability of the manufacturer to produce wire products having
long life and stability.
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15.2 For initial acceptance, the manufacturer nust submt:

a. An original signature certification that the product
fully conplies with each section of this specification;

b. Qualification Test Data, per Appendix A of this
speci fication;

c. To periodic plant inspections;

d. Acertification that the product does or does not conply
wi th the donestic origin manufacturing provisions of the
"Buy American" requirenments of the Rural Electrification
Act of 1938 (7 U . S.C. 901 et seq.);

e. Witten user testinonials concerning performance of the
product; and

d. Oher nonproprietary data deened necessary by the Chief,
Qut side Plant Branch (Tel ephone).

15.3 For requalification acceptance, the manufacturer nust
submt an original signature certification that the product

fully conplies with each section of the specification, excluding
the Qualification Section, and a certification that the product
does or does not conply wth the donestic origin manufacturing
provi sions of the "Buy American" requirenents of the Rural
Electrification Act of 1938 (7 U S.C. 901 et seq.) for acceptance
by June 30 every three years. The required data

and certification nust have been gathered within 90 days of

t he subm ssi on

15.4 Initial and requalification acceptance requests should be
addressed to:

Chai rman, Techni cal Standards
Commttee "A" (Tel ephone)

Tel ecommuni cations Standards Di vi Sion

Rural Electrification Adm nistration

Washi ngton, D.C. 20250-1500

15.5 Tests on 100 percent of completed wire:

15.5.1 The shield of each length of wire nust be tested for
continuity using the procedures of ASTM D 4566- 90.

15.5.2 D electric strength between all conductors and the shield
must be tested to determ ne freedom from grounds in accordance
wi th Paragraph 13.7.2 of this specification.

15.5.3 Each conductor in the conpleted wire nust be tested for
continuity using the procedures of ASTM D 4566- 90.
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15.5.4 D electric strength between conductors nust be tested
to ensure freedomfromshorts and crosses in accordance with
Paragraph 13.7.1 of this specification.

15.5.5 The average mutual capacitance nust be neasured on al
Wi res.

15.6 Capability Tests: Tests on a quality assurance basis nust
be made as trequently as is required for each manufacturer to
determ ne and maintain conpliance wth:

15.6.1 Performance requirenments for conductor insulation and
j acket material;

15.6.2 Performance requirenents for filling and fl ooding
conpounds;

15.6.3 Sequential marking and | ettering;

15.6.4 Capaci t ance unbal ance and crosst al k;

15.6.5 I nsul ati on resi stance;

15.6.6 Conduct or resistance and resistance unbal ance,

15.6.7 Wre bending and wire breaking strength tests;

15.6.8 Mut ual conduct ance and attenuation; and

15.6.9 Water penetration and conpound flow tests.

16. SUMMARY OF RECORDS OF ELECTRICAL AND PHYSICAL TESTS

16.1 Each manufacturer nust maintain suitable summary of records
for a period of at least 3 years for all electrical and physical
tests required on conpleted wire by this specification as
specified in Paragraphs 15.5 and 15.6 of this specification. The
test data for a particular reel shall be in a formthat it may be
readily available to the purchaser or to REA upon request.

16.2 Measurenents and conputed val ues nust be rounded off to the
nunber of places of figures specified for the requirenment
according to ASTM E 29-90.

17. MANUFACTURING IRREGULARITIES

17.1 Repairs to the inner jacket and shield are not permtted in
wire supplied to the end user under this specification.

17.2 Mnor defects in the outer jackets (defects having a
dimension of 3 mMm (0.125 in.) or less in any direction) may
be repaired by neans of heat fusing in accordance with good
commercial practices utilizing sheath grade conpound.
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18. PREPARATION FOR SHIPMENT

18.1 The wire nust be shipped on reels. The dianeter of the
drum nust be | arge enough to prevent damage to the wire from
reeling or unreeling. The reels nust be substantial and so
constructed as to prevent damage to the wire during shi pnent
and handl i ng.

18.2 The thermal wap nust conply with the requirenents of
Appendi x C of this specification. Wen a thermal reel wap
is supplied, the wap nust be applied to the reel and nust be
suitably secured in place to mnimze thermal exposure to the
Wi re during storage and shipnent. The use of the thermal reel
wrap as an neans of reel protection will be at the option of

t he manufacturer unless specified by the end user.

18.3 The outer end of the wire nust be securely fastened to

the reel head so as to prevent the wire frombecom ng | oose in
transit. The inner end of the wire nust be securely fastened

in such a way as to nmake it readily available if required for

el ectrical testing. Spikes, staples, or other fastening devices
whi ch penetrate the wire jacket nust not be used. The nethod of
fastening the wire ends nust be accepted by REA prior to it being
used.

18.4 Each length of wire nust be wound on a separate reel unless
ot herwi se specified or agreed to by the purchaser.

18.5 Each reel nust be plainly marked to indicate the direction
in which it should be rolled to prevent | oosening of the wire on
the reel.

18.6 Each reel nust be stenciled or | abeled on either one

or both sides with the nane of the manufacturer, year of
manuf act ure, actual shipping |ength, an inner and outer end
sequential length marking, description of the wire, reel nunber
and the REA wire designation.

W RE DESI GNATI ON

BFW . .

Wre Construction..
Pair Count. ..
Conduct or Gauge. ..

N
Y

Copper Alloy 220 (Bronze) Shield
Gopher Resi stant Shi el ds

Exanpl e: BFW 3-24
Buried Filled Wre, Gopher Resistant Shield, 3 pair, 24 AWG
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18.7 Both ends of the filled buried wire, manufactured to the
requi renents of this specification, nust be equi pped with end
caps which are acceptable to REA

(The information and recordkeeping requirenments of this
specification have been approved by the Ofice of Managenent
and Budget (OMB) under Control Nunber 0572-0077).
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UNI TED STATES DEPARTMENT OF AGRI CULTURE
Rural Electrification Adm nistration

APPENDIX A
FILLED BURIED WIRE
Qualifications Test Methods Bulletin 1753F-206(PE-86)

1. The test procedures described in this appendix are for
qualification of initial designs and major nodifications of
"accepted" designs. Included in Paragraph 5 of this appendix

are suggested formats that may be used in submitting test results
to REA

2. SAMPLE SELECTION AND PREPARATION

2.1 Al testing nust be performed on | engths renoved
sequentially fromthe same 3 pair, 22 gauge jacketed wre.

This wire nmust not have been exposed to tenperatures in excess

of 38°C since its initial cool down after sheathing. The |engths
specified are mninumlengths and if desirable froma | aboratory
testing standpoint |onger |engths may be used.

2.1.1 Length A shall be 10 + 0.2 m (33 + 0.5 ft) long and nust
be maintained at 23 + 3°C. One length is required.

2.1.2 Length B shall be 12 + 0.2 m (40 + 0.5 ft) long. Prepare
the test sanple by renobving the inner and outer jacket, shield
and core wap, if present, for a sufficient distance on both ends
to allow the insul ated conductors to be flared out. Renove
sufficient conductor insulation so that appropriate electrical
test connections can be made at both ends. Coil the specinen
wth a diameter of 15 to 20 tines its sheath dianeter. Three

| engths are required.

2.1.3 Length C shall be one neter (3 ft) long. Four lengths are
required.

2.1.4 Length D shall be 300 nm (1 ft) long. Four lengths are
required.

2.1.5 Length E shall be 600 mm (2 ft) long. Four lengths are
required.

2.1.6 Length F shall be 3 m (10 ft) Iong and nust maintai ned at
23 + 3°C for the duration of the test. Two |engths are required.

2.2 Data Reference Temperature: Unless otherw se specified, al
measurenents shall be nade at 23 + 3°C
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3. ENVIRONMENTAL TESTS

3.1 Heat Aging Test

3.1.1 Test Samples: Place one sanple each of lengths B, C, D
and E in an oven or environnental chanber. The ends of sanple B
must exit fromthe chanber or oven for electrical tests.
Securely seal the oven exit holes.

3.1.2 Sequence of Tests: After conditioning the sanples are to
be subjected to the follow ng tests:

a. Water Immersion Test outlined in Paragraph 3.2 of
t hi s appendi x.

b. Water Penetration Test outlined in Paragraph 3.3 of
t hi s appendi x.

c. Insulation Conpression Test outlined in
Par agraph 3.4 of this appendi x.

d. Jacket Slip Strength Test outlined in Paragraph 3.5
of this appendi x.

3.1.3 Initial Measurements

3.1.3.1 For sanple B, neasure the open circuit capacitance and
conductance for each pair at 1 and 150 kHz and the attenuation
at 150 kHz after conditioning the sanple at the data reference
tenperature for 24 hours. Calculate the average and standard
deviation for the data of the 3 pairs on a per kiloneter (per
mle) basis.

3.1.3.2 The attenuation at 150 kHz may be cal cul ated from
Yoc and Zsc or may be obtained by direct neasurenent of
attenuation

3.1.3.3 Record on suggested formats attached in Paragraph 5 of
this appendi x or on other easily readable formats.

3.1.4 Heat Conditioning

3.1.4.1 Imediately after conpleting the initial neasurenents,
condition the sanple for 14 days at a tenperature of 65 + 2°C.

3.1.4.2 At the end of this period note any exudation of filling
conpounds. Measure and cal culate the paranmeters given in
Paragraph 3.1.3 of this appendi x. Record on suggested formats
in Paragraph 5 of this appendix or on other easily readable
formats.

3.1.4.3 Cut away and discard a one neter (3 ft) section from
each end of |ength B.
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3.1.5 Overall Electrical Deviation

3.1.5.1 Calculate the percent change in all average paraneters
between the final parameters after conditioning wwth the initial
paraneters in Paragraph 3.1.3 of this appendi x.

3.1.5.2 The stability of the electrical paraneters after
conpletion of the test nust be within the follow ng prescribed
[imts:

a. Capacitance: The average nutual capacitance
must be wthin 5 percent of its original value;

b. The change in average mutual capacitance nust
be |l ess than 5 percent over the frequency range
of 1 to 150 kHz;

c. Conductance: The average nutual conductance
must not exceed 2 m cromhos/ kil onet er
(3.3 mcromhos/mle) at a frequency of 1 kHz; and

d. Attenuation: The attenuation nust not have
I ncreased by nore than 5 percent over its original
val ue.

3.2 Water Immersion Electrical Test

3.2.1 Test Sample Selection: The 10 m (33 ft) section of
l ength B nust be tested.

3.2.2 Test Sample Preparation: Prepare the sanple by renoving
the inner and outer |acket, shield, and core wap, if present,
for a sufficient distance to allow one end to be accessed for
test connections. Cut out a series of 2.5 nmby 13 nm (0.1 in.
by 0.5 in.) rectangular slots along the test sanple, at 300 nm
(1 ft) intervals progressing successively 90 degrees around the
circunference of the wire. Assure that the wire core is exposed
at each slot by slitting the inner jacket and core wap if
present. Place the prepared sanple in a dry vessel which when
filled wll maintain a one neter (3 ft) head of water over 6 m
(20 ft) of uncoiled wire. Extend and fasten the ends of the
wire so they will be above the water |line and the pairs are
rigidly held for the duration of the test.

3.2.3 Capacitance and Conductance Testing: Measure the initial
val ues of mutual capacitance and conductance of all pairs in

each wire at a frequency of 1 kHz before filling the vessel
with water. Be sure the wire shield is grounded to the test
equi prent. Fill the vessel until there is a one neter (3 ft)

head of water on the wres.

3.2.3.1 Reneasure the nutual capacitance and conductance after
the wires have been subnerged for 24 hours and again after
30 days.
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3.2.3.2 Record each sanple separately on the suggested formats
attached in Paragraph 5 of this appendi x or on other easily
readabl e fornmats.

3.2.4. Overall Electrical Deviation

3.2.4.1 Calculate the percent change in all average paraneters
between the final parameters after conditioning wwth the initial
paranmeters in Paragraph 3.2.3 of this appendi x.

3.2.4.2 The stability of the electrical paraneters after of the
test must be within the follow ng prescribed [imts:

a. Capacitance: The average nutual capacitance nust be
wthin 5 percent of its original value; and

b. Conductance: The average mutual conductance nust
not exceed 2 m cronhos/kiloneter (3.3 mcronmhos/mle)
at a frequency of 1 kHz.

3.3 Water Penetration Testing

3.3.1 A watertight closure nust be placed over the jacket of
length C.  The closure nmust not be placed over the jacket so
tightly that the flow of water through pre-existing voids or air
spaces is restricted. The other end of the sanple nust remain
open.

3.3.2 Test as per Option A or Option B.

3.3.2.1 Option A: Wigh the sanple and cl osure prior to
testing. "F Il the closure with water and place under a

continuous pressure of 10 + 0.7 kPa (1.5 + 0.1 psig) for one
hour. Collect the water | eakage fromthe end of the test sanple
during the test and weigh to the nearest 0.1 g. Imrediately
after the one hour test, seal the ends of the wire with a thin

| ayer of grease and renove all visible water fromthe closure,
bei ng careful not to renove water that penetrated into the core
during the test. Reweigh the sanple and determ ne the wei ght of
wat er that penetrated into the core. The weight of water that
penetrated into the core nust not exceed 1 gram

3.3.2.2 Option B: Fill the closure with a 0.2 g sodi um
fluorscein per Titer water solution and apply a continuous
pressure of 10 + 0.7 kPa (1.5 + 0.1 psig) for one hour. Catch
and wei gh any water that |eaks fromthe end of the wire during
the one hour period. |If no water |eaks fromthe sanpl e,
carefully renove the water fromthe closure. Then carefully
remove the outer jacket, shield, inner jacket and core wap, if
present, one at a tine, examning with an ultraviolet |ight
source for water penetration. After renoval of the inner jacket
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and core wap, if present, carefully dissect the core and exani ne
for water penetration within the core. Were water penetration
i's observed, neasure the penetration distance. The distance of
wat er penetration into the core nmust not exceed 127 mm (5.0 in.).

3.4 Insulation Compression Test

3.4.1 Test Sanple D. Renove inner and outer jacket, shield
and core wap, if present, being careful not to damage the
conductor insulation. Renpve one pair fromthe core and
carefully separate, wi pe off core filler and straighten the

i nsul ated conductors. Retw st the two insulated conductors

t oget her under sufficient tension to form 10 evenly spaced 360
degree twists in a length of 100 mMm (4 in.).

3.4.2 Sample Testing: Center the md 50 mm (2 in.) of the
tw sted pair between two snooth rigid parallel netal plates
measuring 50 mMmm (2 in.) in length or dianeter. Apply a 1.5
volt dc potential between the conductors, using a |ight or
buzzer to indicate electrical contact between the conductors.
Apply a constant | oad of 67 N (15 I bf) on the sanple for one
m nute and nonitor for evidence of contact between the
conductors. Record results on suggested formats attached

in Paragraph 5 of this appendix or on other easily readable
formts.

3.5 Jacket Slip Strength Test

3.5.1 Sample Selection: Test sanple E from Paragraph 3.1.1
of this specification.

3.5.2 Sample Preparation: Prepare test sanple in accordance
with the procedures specitied in ASTM D 4565- 90a.

3.5.3 Sample Conditioning and Testing: Renove the sanple from
the tensile tester prior to testing and condition for one hour

at 50 + 2°C. Test imediately in accordance with the procedure
specified in ASTM D 4565-90a. A mnimum outer jacket slip
strength of 67 N (15 Ibf) is required. Record the |oad attai ned.

3.6 Humidity Exposure

3.6.1 Repeat steps 3.1.1 through 3.1.3.3 of this appendi x for
separate set of sanples B, C, D and E which have not been
subjected to prior environnental conditioning.

3.6.2 Imrediately after conpleting the neasurenents, expose
the test sanple to 100 tenperature cyclings. Relative humdity
within the chanber nmust be nmaintained at 90 + 2 percent. One
cycle consists of beginning at a stabilized chanber and test
sanpl e tenperature of 52 + 1°C, increasing the tenperature to
57 + 1°C, allowi ng the chanber and test sanples to stabilize

at this level, then dropping the tenperature back to

52 + 1°C.
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3.6.3 Repeat steps 3.1.4.2 through 3.5.3 of this appendi x.

3.7 Temperature Cycling

3.7.1 Repeat steps 3.1.1 through 3.1.3.3 of this appendi x for
separate set of sanples B, C, D and E which have not been
subjected to prior environnental conditioning.

3.7.2 Imediately after conpleting the neasurenents, subject the
test sanple to 10 cycles of tenperature between -40°C and +60°C.
The test sanple nust be held at each tenperature extrene for a

m nimumof 1 1/2 hours during each cycle of tenperature. The air
within the tenperature cycling chanber nust be circul ated

t hroughout the duration of the cycling.

3.7.3 Repeat steps 3.1.4.2 through 3.5.3 of this appendi x.

4. CONTROL SAMPLE

4.1 Test Samples: A separate set of lengths for sanples A C
D, and E nust have been maintained at 23 + 3°C for at | east
48 hours before the testing.

4.2 Repeat steps 3.2 through 3.5.3 of this appendi x except use
length A instead of |ength B.

4.3 Surge Test

4.3.1 One length of sanple F nust be used to neasure the
br eakdown between conductors while the other |ength of F nust
be used to nmeasure core to shield breakdown.

4.3.2 The sanples nmust be capabl e of w thstandi ng, w thout
damage, a single surge voltage of 20 kV peak between conductors,
and 35 kV peak between conductors and the shield as hereinafter
descri bed. The surge voltage nust be devel oped from a capacitor
di scharge through a form ng resistor connected in parallel with
the dielectric of the test sanple. The surge generator constants
must be such as to produce a surge of 1.5 x 40 m croseconds wave
shape.

4_.3.3 The shape of the generated wave nust be determ ned at a
reduced vol tage by connecting an oscilloscope across the form ng
resistor with the wire sanple connected in parallel wth the
formng resistor. The capacitor bank is charged to the test

vol tage and then discharged through the form ng resistor and
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test sanple. The test sanple will be considered to have passed
the test if there is no distinct change in the wave shape
obtained with the initial reduced voltage conpared to that
obtained after the application of the test voltage.

5. TEST DATA FORMATS

5.1 The follow ng suggested formats nmay be used for submtting
the test data to REA
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ENVI RONVENTAL CONDI TI ONI NG
FREQUENCY 1 kHz
CAPACI TANCE CONDUCTANCE

nF/ km (nF/ m | e) m cromhos/ km (m cromhos/ m | e)

Aver age X

Initial Fi nal Initial Fi nal

Overall Percent

Difference in

Aver age X




PAI R CAPACI TANCE
NUMBER nF/ km (nF/m|e)

ENVI RONIVENTAL CONDI TI ONI NG

FREQUENCY 150 kHz

CONDUCTANCE
m cromhos/ km (m cromhos/ i | e)
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ATTENUATI ON
dB/ km (dB/ ni | e)

Initial Fi nal

Aver age x

Overal | Percent
Difference in
Aver age x

Initial

Fi nal

Fi nal
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ENVI RONVENTAL CONDI Tl ONI NG
WATER | MVERSI ON TEST (1 kHz)

PAlI R CAPACI TANCE CONDUCTANCE
NUMBER nF/ km (nF/ mle) m cronhos/km (_ m cronmhos/ il e)
Initial 24 hours Fi nal Initial 24 hours Fi nal
r -
2
3
Aver age X

Overal |l Percent
Difference in

Aver age X
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WATER PENETRATI ON TEST

Option A Option B
End Leakage Wei ght Gain End Leakage Penetration
g g g mm( in. )
cntrol - ____
~eat Age __
Hum dity
Exposure

Tenperature
Cycling

| NSULATI ON COMPRESSI ON

Fai | ures

Contro

Heat Age

Hum dity Exposure

Tenperature Cycling
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JACKET SLI P STRENGTH @ 50°C

Load in N (1bf)

Contro

Heat Age

Hum dity Exposure

Tenperature Cycling

FI LLER EXUDATI ON (g)

Heat Age

Hum dity Exposure

Tenperature Cycle

SURGE TEST (kV)

Conduct or to Conduct or

Shield to Conductors
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UNI TED STATED DEPARTMENT OF AGRI CULTURE
Rural Electrification Adm nistration

APPENDIX B

Sheath Slitting Cord Qualification

1. The test procedures described in this appendix are for
qualification of initial and subsequent changes in sheath
slitting cords.

2. SAMPLE SELECTION: All testing nmust be perfornmed on two 1.2 m
(4 ft) lTength of wmre renoved sequentially fromthe sanme 3 pair,
22 gauge jacketed wire. This wire nust not have been exposed to
tenperatures in excess of 38°C since its initial cool down after
sheat hi ng.

3. TEST PROCEDURE

3.1 Using a suitable tool, expose enough of sheath slitting cord
to permt grasping with needl e nose pliers.

3.2 The prepared test specinens shall be nmaintained at a
tenperature of 23 + 1°C for at |east 4 hours immedi ately
prior to and during the test.

3.3 Wap the sheath slitting cord around the plier jaws to
ensure a good grip.

3.4 Gasp and hold the wire in a convenient position while
gently and firmy pulling the sheath slitting cord longitudinally
inthe direction away fromthe wire end. The angle of pull may
vary to any convenient and functional degree. A small starting
notch is permssible.

3.5 The sheath slitting cord is considered acceptable if the
cord can slit the jacket and/or shield for a continuous |ength
of 0.6 m(2 ft) w thout breaking the cord.
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UNI TED STATES DEPARTMENT OF AGRI CULTURE
Rural Electrification Adm nistration

APPENDIX C

Thermal Reel Wrap Qualification

1. The test procedures described in this appendix are for
qualification of initial and subsequent changes in thermal reel
W aps.

2. SAMPLE SELECTION: AlIl testing nmust be perforned on two

450 mMmm (18 in.) lengths of wire renoved sequentially fromthe
sane 3 pair, 22 gauge jacketed wire. This wire nust not have
been exposed to tenperatures in excess of 38°C since its initial
cool down after sheat hing.

3. TEST PROCEDURE

3.1 Place the two sanples on an insulating material such as
wood, etc.

3.2 Tape thernocouples to the jackets of each sanple to neasure
the jacket tenperature.

3.3 Cover one sanple with the thermal reel wap.

3.4 Expose the sanples to a radi ant heat source capabl e of
heati ng the uncovered jacket sanple to a m nimum of 71°C.

A 600 watt photoflood | anp or an equival ent | anp having the
i ght spectrum approximately that of the sun shall be used.

3.5 The height of the | anp above the jacket shall be 380 nm
(15 in.) or a height that produces the 71°C jacket tenperature on
t he unw apped sanpl e.

3.6 After the sanples have stabilized at the tenperature, the
j acket tenperatures of the sanples nust be recorded after one
hour of exposure to the heat source.

3.7 Conpute the tenperature difference between the jackets.

3.8 For the thermal reel wap to be acceptable to REA, the
tenperature differences between the jacket with the thernmal
reel wap and the jacket wi thout the reel wap nust be greater
than or equal to 17°C.



